ABSTRACT Impaired blood flow due 
RH EOLOGIC CONSIDERATIONS
The flow properties of blood are dependent on both its fluid (plasma) and cellular contents. The hemodynamic factors influencing the flow of blood through blood vessels have been well defined and the reader may wish to refer to detailed descriptions in a number of reviews.l+ Certain commonly used rheologic terms need to be first defined. The velocity of flow through a cylindrical vessel is a function ofthe radial distance from the vessel wall, being highest in the center line of flow (axial flow) and lowest adjacent to the vessel wall (marginal flow). The relative velocity of flow through parallel fluid layers is termed the shear rate, being a measurement of how fast adjacent planes of fluid slide past each other. Fluid at the margin of a vessel flows at a higher shear rate than that occurring in axial (central) flow. Viscosity is a measure of the resistance to deformation of a fluid. The force exerted on the vessel wall during the flow is termed wall shear s/ress, and is a function of the shear rate and the viscosity of the blood. The flow rate, hence the shear rate, is much higher in arterioles than in veins. Thus, provided that the viscosity remains unchanged, the wall shear stress is also much higher in arterioles than in veins, and can be quite high in stenotic vessels. A high shear stress has functional significance in that it increases platelet aggregation.s '6 This form of modulation of endothelial cell metabolism plays an important role in atherogenesis and increased thrombotic risk in stenotic vessels where the shear stress is high. 25, NO. 2,1999 due to stress modulation of the respective gene expression and activation of multiple transcription factors such as AP-l, NFkB, and Egrl.r6, r7 
PLASMA COMPONENTS OF BLOOD
The hyperviscosity syndromes can also be due to abnormalities of the plasma components of blood. The majority of these abnormalities are the presence of ab-SEMINARS IN THROMBOSIS AND HEMOSTASIS-VOL. 25, NO. 2,1999 The increase in plasma viscosity is dependent on the quantity and quality ofthe paraproteins. The latter is de- termined by the molecular size and shape of the paraprotein. Thus, hyperviscosity syndrome is most common in Waldenstrcim's macroglobulinemia, followed by IgA myeloma because of the frequent polymerization of the IgA paraprotein.s3-8s In the case of IgM, the serum viscosity is proportional to the plasma concentration of this paraprotein up to 3 g/dl, then increases sharply at higher levels. In IgG myeloma with hyperviscosity syndrome, the paraprotein is usually that of IgG-3 class, as IgG-3 tends to form aggregates and complexes. The syndrome in IgG-3 myeloma is seen at a plasma level of 4 to 5 g/dlof this paraprotein, but in other forms of IgG, hyperviscosity is only encountered at levels above 15 g/dl. In IgA myeloma, the syndrome is seen at 6 to 7 gldL wirh the polymeric form of IgA, whereas with the monomeric form the level has to reach 10 to 11 gldLfor symptoms to occur. Hyperviscosity is also seen in kappa light chain disease, again due to the formation of the light chain aggregates.
The degree of hyperviscosity is assessed by measurements of the serum viscosity, usually employing a capillary tube viscometer. The unit of viscosity is expressed as units ofrelative viscosity (relative to water of 1.0) . The relative viscosity of normal serum is 1.4 to 1.8, while that of symptomatic patients is generally above 5.
A more accurate rheologic analysis requires instruments that take into account the factor of shear rates, by placing the test liquid (whole blood, plasma, 
